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商用車に多く搭載されているディーゼル機関はガソリン機関に比べて熱効率が高く，地
球温暖化を促進するといわれている二酸化炭素（CO2）排出が少ないが，酸性雨や光化学
オキシダントなどの環境影響を引き起こすとされる窒素酸化物（NOx）や，呼吸器系への
健康被害があるとされる浮遊粒子状物質（PM）を排出する．これらの排出ガスの抑制する
ために，様々な研究がおこなわれ，NOxの低減については，排気ガス再循環（EGR），PM
の低減には，過給による希薄燃焼が有効であることが広く知られている．また，CO2の削
減すなわち，燃料消費率の低減には，熱効率の改善が重要であり，有効仕事の増大を目的
とした高膨張比化と，摩擦損失とポンプ損失を相対的に低減するため，より低速でより高
負荷で運転するダウンスピーディングが有効であることが広く知られている．本研究では，
高 EGRを実現するための低圧ループと高圧ループの 2つの EGR経路と，高過給を実現す
るための 2 つの過給機を組み合わせた二段過給システムを備えたエンジンに高圧縮比ピス
トンを用いて，低い排出ガスレベルと，低い燃料消費率の実現を目的とする． 
二段過給システムの過給機の選定には，燃料消費の低減を目的とした低速高負荷での運
転を狙い小型の過給機を追加し，二段過給システムの大型過給機容量を変更することで，
得られる過給特性と燃費低減効果についてシミュレーションによる検討と実機を用いた検
証を行い，低速域での高過給化を実現した．高過給が実現できる過給システムを備えたデ
ィーゼル機関を用いて，燃料消費率の低減を目的とし圧縮比の増大を行った．燃焼室の形
状はトロイダル型燃焼室である．燃焼室径は同一とし，燃焼室深さのみ変更し圧縮比を増
大させたが，許容最高燃焼圧へ到達したため，燃焼開始時期を遅延させて燃焼圧を抑制す
る必要があり，燃料消費率の改善が得られなかった．燃料消費率の改善には，圧縮比を増
大させても上死点近傍で燃焼を実現させなければならない．高圧縮比化と最高燃焼圧の制
約条件を満足させるには，圧縮比の制御が必要と考え，実圧縮比の制御には吸気弁の閉弁
時期の変更によって実施した．吸気弁の閉弁時期を変更する法には，吸気弁早閉じ（EIVC）
と吸気弁遅閉じ（LIVC）があるが，対象がディーゼル機関であることから，十分な筒内ガ
ス量を維持し，希薄燃焼を実現しなければならず，また自動車用機関の使用機関速度域を
考慮し，吸気期間が長い遅閉じ（LIVC）を選択した． 
LIVCの採用により実圧縮比が抑制され，高圧縮比化前と同じ燃焼開始時期となる燃焼が
実現でき，燃料消費率の改善が得られたが，圧縮比を高めたピストンを用いた実験では，
吸気弁の閉弁時期の違いによらず，同じ NOx排出率で，Smokeが増大した．Smoke は過
給不足で発生しやすいが，過給条件に大きな差が認められなかった．このため，燃焼室形
状に起因するものと推定し，ピストン燃焼室内の噴霧とガス流動を三次元流体解析によっ
て検討した． その結果，燃焼室の直径が同一で，燃焼室深さを低下させて圧縮比を高め
たピストン燃焼室では，2 つの問題点があると考えられる．一つは，噴霧が既燃ガスと干
渉し，ピストン燃焼室内の流動が低下してしまうこと，もう一つは，ピストン燃焼室内の
流動が低下したことで，燃焼室内に高い当量比の領域が残ってしまうことである． 
これらの原因を排除するため 2つの燃焼室形状について，三次元流体解析を実施した．1
つは燃焼室内の流動を高めるために小径化し，燃焼室深さを増した小径リエントラント燃
焼室と，もう一つは，噴霧と既燃ガスが干渉しにくい大径の浅皿燃焼室形状とした． 小
径リエントラント燃焼室では，流動が高まるために，当量比の高い領域は，燃焼室の外へ
出ていく様子が確認された．高負荷域での燃焼を考慮した場合，噴射期間は長期化しやす
く，リエントラント燃焼室では，トロイダル燃焼室と同様に既燃ガスと噴霧が干渉する可
能性がある．一方の浅皿燃焼室は，既燃ガスと噴霧の干渉が起きにくいことから，当量比
の高い領域が形成されにくいが，燃焼室内の流動が低く，燃焼後期で燃焼室内に高い当量
比の領域が滞留する．しかしながら，噴霧と既燃ガスの干渉が少ない特徴を有する浅皿燃
焼室において，燃焼後期に見られる高い当量比の領域の滞留を回避できれば，排出ガスの
低減に寄与する．このため，滞留しやすい燃焼室の隅部容積を低減させた燃焼室形状を考
案し，三次元流体解析による検討と実機による検証を実施した．その結果，負荷の高い領
域で，検討結果と同様に Smokeレベルが低減した．しかも，熱発生期間が短縮され，熱効
率の改善も得られた． 
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The thermal efficiency of Diesel engines for commercial vehicles is higher than that 
of gasoline engines. Therefore carbon dioxide emission from Diesel engines is lower 
than that of gasoline engine, but NOx causing acid rain and photochemical oxidant 
and PM (Particulate Matter) influencing sickness of the respiratory organ are emitted. 
In order to reduce these emissions, various methods have been studied. It is well 
known that E.G.R. (Exhaust Gas Recirculation) and supercharging are effective to 
reduce NOx and PM, respectively. 
In order to reduce fuel consumption and CO2, improvement of thermal efficiency and 
increase of expansion work are important. Moreover, reduction of running speed with 
increasing load is also effective the thermal efficiency, since it decreases the loss of 
friction and pumping.  
 In this study, to achieve lower level of exhaust emissions and lower fuel 
consumption, in a diesel engine  a newly developed EGR system with the combination 
of high-pressure-loop and low-pressure-loop was applied to realize higher EGR rate, 
two-stage turbocharging system was also applied to obtain  higher boost pressure, 
and pistons with higher compression ratio was installed. 
 In this two-stage turbocharging system, small turbocharger was added to 
conventional single turbocharging system, to be available high load operation in low 
engine speed for improvement of fuel consumption. By using numerical simulation and 
experiment, higher boosting was obtained in low engine speed when changing size of 
large turbocharger to vary fuel consumption and boosting condition. 
A diesel engine was equipped with high boosting system was installed pistons with 
higher compression ratio to improve fuel consumption. Combustion chamber is 
toroidal shape. Higher compression ratio was obtained with remaining diameter and 
decreasing depth of chamber. Improvement of fuel consumption was not obtained.  
Peak firing pressure increased to permission cylinder pressure, Start of combustion 
was delayed. 
For Improvement of fuel consumption, not only higher compression ratio but also 
combustion in around top dead center is necessary. Higher compression ratio and 
restraint of peak firing pressure must be satisfied  
To satisfy higher compression and restraint of peak firing pressure, control of 
compression ratio is necessary, by changing of intake valve closure timing, effective 
compression ratio is controlled. There are two measures of changing intake valve 
closure. One is E.I.V.C. (Early Intake Valve Closure), other one is L.I.V.C. (Late Intake 
Valve Closure). In this case, diesel engine for a vehicle requires enough in-cylinder gas 
to get lean combustion, so LIVC was selected for broad engine speed. 
By using LIVC, effective compression ratio was released, and improvement of the 
fuel consumption was obtained in higher compression ratio because compression ratio 
was released and start of combustion was the same timing as conventional 
compression ratio. According to the experimental results, smoke level of piston with 
higher compression ratio was higher than that of conventional piston in same NOx 
condition in spite of Intake valve close timing,. 
Smoke emission is strongly depends on boosting condition, but there is not 
significant difference between both of them. It was suggested that shapes of 
combustion chamber cause difference of smoke emissions. Fuel spray and gas flow in 
cavity were studied by means of 3D numerical simulations. As the results, in chamber 
of higher compression ratio, that is remaining of diameter and changing of depth, 
there are two problems. First problem is decreasing in-cavity flow motion caused by 
interaction between spray and burned gas, second problem is remaining local area of 
high equivalence ratio by decreasing in-cavity gas flow motion. 
In order to solve problems, two alternative chamber shapes were studied by means of 
3-D numerical simulation. One is a re-entrant cavity that has small cavity diameter 
and deep cavity depth to increase of in-cavity flow motion. Another is a shallow dish 
that has large cavity diameter to avoid interaction between fuel spray and burned gas. 
In the case of re-entrant, it is verified that local areas of high equivalence ratio move 
to the outside of cavity by strong in-cavity flow motion. Re-entrant cavity has 
possibility of interaction between fuel spray and burned gas at high load region in the 
same of toroidal cavity, because duration of fuel injection becomes longer. The other 
hands, shallow dish cavity dismiss possibility of interaction between fuel spray and 
burned gas, though local areas of high equivalence ratio are little, local area of high 
equivalence ratio stayed in cavity at end of combustion cycle because in-cavity flow 
motion is low. But Shallow dish is different from re-entrant and toroidal cavity at high 
load region, interaction between fuel spray and burned gas is not easily occurred. 
Then shallow dish cavity suggests the possibility to improve the exhaust emissions by 
causing dilution of high equivalence region at the end of combustion. To quickly dilute 
high equivalence region, shallow dish cavity was modified so as to reduce volume of 
bottom and confirmed by numerically and experimentally. 
As the result, modified shallow dish cavity can achieve improvement of smoke 
emission and thermal efficiency, because of reducing duration of heat releasing. 
 
 
